According to the electrical theory, the propagation of an impulse depends, among other factors, on the height and rate of rise of the action potential11) .
Moreover, evidence is available that in cardiac fibers the upstroke of action potential is due to a mechanism similar to that causing spike generation in nerve axons8,9). The propagation of impulses in cardiac tissues would therefore depend on the height and rate of rise of action potentials.
The existence of an important delay in the propagation of impulses through the Purkinje-myocardium junctional area has been reported previously4). In order to explain the extremely slow propagation through this area we have assumed that the cardiac cells forming the junction have peculiar functional membrane characteristics3).
The present experiments were undertaken to explore the possibility that the rate of rise of the action potentials recorded from these "transitional cells" 2, "being slower than those given by the adjacent cardiac cells, might explain the delays in propagation through this junctional region.
METHODS
The papillary muscle and its false tendon from the dog heart were used for recording the electrical activity of Purkinje and myocardial fibers. The hearts were excised from anaesthetized dogs and immersed into a bath containing Tyrode solution at 37C. Brief periods of anoxia were produced by discontinuing the aeration of the Tyrode solution. When NaCl or CaCl2 were reduced in the perfusing solution they were equimolecularly replaced by dextrose.
The curves which show the different rate of rise of the action potentials were obtained by graphical analysis, measuring the amplitude reached in a certain interval (0.25msec for the faster phase and 1.0msec for the slower phase of depolarization).
The slope of the curves obtained under different experimental conditions were compared.
Additional details of the methods are described elsewhere).
RESULTS
Electrophysiological identification of the transitional potentials.
When recording from the junctional region of Purkinje and myocardial cells, transmembrane potentials with peculiar characteristics were observed. These distinctive responses have been called "transitional potentials"2,3). Three main characteristics were required in order to identify a transitional action potential.
a) The presence of a notch in either the depolarization or repolarization phase, b) the simultaneity of the notch appearance with the initiation of the action potential of another type of adjacent fibers, and c) when the activity of these adjacent fibers cease the notch must disappear.
These False tendon driven at a constant frequency (2 .0/sec). The diagram shows the sites from which records were taken . Note that the action potential illustrated in a was recorded from a Purkinje fiber located in a segment of the false tendon in which only typical Purkinje transmembrane potentials were found.
The other records were obtained from the sites marked in the diagram . Observe that the RMP, rate of rise and amplitude of the responses decreased gradually according to the site explored.
These differences are greater when impaling a transitional cell (f) identified by the slight notch (arrow Factors which modify the rate of rise of Purkinje and transitional cells action Potential.
It was possible to modify, under different experimental conditions, the upstroke velocity and amplitude of the transmembrane potentials generated by the Purkinje cells of the false tendon and of those recorded Note that the rate of rise of the initial component of the transitional potential (from junctional region) is smaller the higher the frequency and that the initiation of the later component of this potential , concomitant to the activation of myocardial cells, appeared later the higher the frequency (drawings of superimposed potentials). In this experiment the highest frequency (5 .3/ sec) did not change the rate of rise nor the amplitude of the Purkinje cell potential recorded from the middle part of the false tendon . Observe that simultaneously with the decrease in rate of rise the activation times between Purkinje and myocardial cells was increased.
Cal, 50mV , 1.0 msec. Observe that even when stimulated at low frequencies there is a substantial difference in the rate of rise of a typical and a terminal Purkinje response (crosses and circles, full line respectively).
The curves in B were obtained under similar conditions than in A, but stimulating the papillary muscle and recording from a myocardial cell. When increasing the frequency from 1.7/sec (crosses) to 5.5/sec (circles) one can see that the proportional change in the rate of rise of the responses is smaller than that observed in the response of the terminal Purkinje cell.
potentials reached their maximal amplitude (10 msec). The curves in A showed that the frequency of stimulation (6/sec) changed in greater proportion the rate of rise of the potentials originated in the "terminal Purkinje" fibers (circles) as compared with the Purkinje cells of the true false tendon (crosses). Driving frequencies to the papillary muscle (5.5/sec) revealed that the proportion in changes in the rate of rise of myocardial cells (curves in FIG. 5B ) was also smaller than that observed in "terminal Purkinje" fibers. Similar effects to those above described were produced on the transitional potentials when decreasing 50 per cent the external NaCl (FIG. 6) , diminishing the temperature from 38 to 29 C (FIG. 7) or producing brief periods of anoxia of 5 to 20min (FIG. 8) . In all these experimental conditions the initial component of the transitional potential was affected in its rate of rise while the responses of the Purkinje cells, located in the false tendon of the preparation , remained unchanged.
If these variables were applied during longer times these effects were also observed in the typical Purkinje cell action potentials. In fact, progressive increase in the frequency of stimulation (FIG.  4) , diminution in external NaCl (FIG. 6) , low temperature (FIG. 7) and anoxia (FIG. 8) produced, simultaneously with the slowing of the initial phase of depolarization, a lengthening in the latency between the initial and late components of these transitional potentials. This lengthening appeared gradually and in some instances was followed by a block in the propagation of impulses travelling from Purkinje to myocardial fibers.
Relationship between the rate of rise of the action potentials and the propa- This type of measurements will give an average of the velocity for each of the segments of the upstroke and not the real value for the most rapid velocity.
Since the purpose of the present analysis was the comparison of the electrical responses, subjected to different experimental conditions and not the determinations of the precise values of the rate of rise of the action potentials, we decided to use the semiquantitative method described above. The exploration of the false tendon showed that the RMP of the cells distributed along it, had a similar value up to the "terminal Purkinje" fibers. In the latter fibers and in the transitional cells the RMP decreased gradually from the "terminal Purkinje" to the transitional cells (FIGS. 2 and 3). We have found that when the exploring micropipette was impaling cells from a region close to the attachment of the false tendon to the papillary muscle, the corresponding RMP, rate of rise and amplitude of the action potentials started to decrease.
Considering these differences as well as the localization of the cells we named them "terminal Purkinje" fibers , following MATSUDA at al.14). The cells distributed farther than the "terminal Purkinje" showed more evidently the above mentioned differences and in addition had a notch in their depolarization or repolarization phases. The presence of the notch and the consequent two components made us to call them "transitional potentials "2,3). MATSUDA et al.14) have recorded from the same region and obtained responses with two components separated by a dip; they have referred to the cells generating this type of action potentials as "P-V junctional fibers". Experimental evidence shows that there is a close relationship between RMP and both rising velocity and spike height6,10,19). Taking in account these findings one can explain that "terminal Purkinje" and transitional cells, having a small RMP, generate active responses with slow rate of rise and a reduced amplitude.
We have shown that membrane characteristics of cells located in a restricted area i. e. the transitional region, were greatly modified by different experimental variables. Furthermore in a correlative electrophysiological and ultrastructural study13) we have demonstrated that the cells located in the transitional region had distinctive morphological features. These features permitted a clear identification when comparing them with typical Purkinje or working myocardial cells.
In order to differentiate the behavior of Purkin je cells of the false tendon from those of the transitional region, variables of different nature were introduced.
The high frequency of stimulation, the diminution in external NaCl concentration, the lack of CaCl2, the anoxia and low temperatures had a greater effect on the membrane characteristics of "terminal Purkinje" and transitional cells than that exerted on the typical Purkinje cells. These variables were chosen because of their known actions on the RMP, rate of rise and amplitude of Purkinje cells action potential.
Considering the frequency of stimulation, it is known that the rate of rise of Purkinje fibers responses is reduced when these fibers are driven at high frequencies1,17,18,19). In our experiences the rate of rise of a transitional potential underwent a substantial decrease (FIG. 4) under high frequency of stimulation (from 2.0 to 5.3/sec) while the Purkinje cells response practically did not change.
Modifications in the rate of rise of the latter potentials only occurred when the driving frequency was higher (6.0 to 6.5/sec). Although the figures varied from one experiment to another, the frequencies that provoked changes in the rate of rise of transitional potentials were lower than those necessary for inducing modifications in the rate of rise of Purkinje fibers action potential.
This difference is probably due to the fact that the transitional potentials have a lower RMP as well as a longer excitability recovery cycle.
In regards to the influence of calcium ions on the rate of rise of cardiac potentials, WEIDMANN20) reported that the diminution to 25 per cent of the external CaCl2, did not produce a decrease in the velocity of the upstroke of Purkinje action potentials.
HOFFMAN et al.12) when using extremely low (1%) calcium concentrations found a decrease in the rate of rise of Purkinje cell responses.
The great diminution in the upstroke velocity observed in our experiments could be due to the use of calcium-free solutions for perf using the cardiac tissues.
When recording from the " terminal Purkinje " or from the transitional fibers, the effects of calcium deficiency would be greater , since we have shown that these cells are more sensitive to a variety of agents than the typical Purkinje fibers. In addition , if perfusion with the calciumfree solutions lasted longer , it was found that even the typical Purkinje fibers action potentials were affected" .
According to WEIDMANN1" the maximal rate of rise may be regarded as a measure for the inward sodium current . He also stated that the sodium ions would cross the membrane through a special carrying system . On the other hand, if calcium ions act on the sodium carrying system"' then the modifications produced by calcium deficiency , could be interpreted as taking place through indirect effects upon sodium currents which in turn would change the response.
If the " terminal Purkinje " and transitional cells actio n potentials have lower RMP, rate of rise and amplitude it would be expected that calcium deficiency, depolarizing further the membrane , would modifiy preferentially their characteristics as compared to those of typical Purkinje fibers.
Similar arguments
can be applied to the effects produced by low temperature and anoxia which also affected more importantly the transitional pote ntials than the Purkinje cell responses (FIGS . 7 and 8). In f act , several investigators', 18) had discussed extensively the influence of anoxia and te mperature on the different cardiac tissues and in all cases a decrease in the rate of depolarization was confirmed. The effects of all the above mentioned variables on the rate of rise a nd amplitude of the transitional action potentials seem to produce co nsequently the slowing of propagation of impulses through the junctional region between Purkinje and myocardial cells . This fact was evidenced in each case by the later appearance of the notch of transitional potentials as shown in FIGS . 4, 6, 7 and 8.
The role of transitional potentials in the propagation of impulses travelling from the Purkinje to the myocardial cells is also evidenced b y the dif-f erent magnitudes in conduction velocities in both , the transitional region and in the middle part of the false tendon (FIG . 9) . Although no quantitative measurements of conduction velocity could be made , because of the variability in an extremely short interelectrode distance , it is obvious that con-d uction of impulses in the transitional region is slower (FIG . 9c, d ) than in the Purkinje fibers from the false tendon (FIG . 9a, b) . With relation to the role played by the transitional cells there still exists the possibility th at the i mpulses may be conducted through other pathways diffe rent to the arrangement constituted by the Purkinje-transitional -myocardial cells . However, there are several arguments that , although indirect, point towards a relevant AND D. BENITEZ participation of the transitional cells in the propagation of impulses from Purkinje to myocardial fibers. These arguments can be summarized as follow : a) serial sectioning has shown that the Purkinje cells from the false tendon are not in direct contact with the myocardial fibers from the papillary muscle, since cells with distinctive morphological features were found intercalated between the f alse tendon and the papillary muscle").
These findings are in agreement with those reported by MATSUDA et al."). The histological study above mentioned") has also shown that the intercalated cells are in continuity with the typical Purkin je cells from the false tendon, in such a way that the transitional cells prolong the chain formed by the layers of Purkinje cells. The way in which this chain ends at the papillary muscle has not yet been clarified.
b) It is remarkable that in a well restricted area, that is, in the transitional region, the cells which are activated by the impulses coming from Purkinje fibers, have an extremely low conduction velocity as compared with that of either the neighbouring Purkinje or myocardial cells. c) When the false tendon was stimulated with progressively increasing frequencies, it was observed that the myocardial cells failed to follow the high frequencies.
The f ailure of the impulses to propagate to the myocardium is not due to the refractoriness of either set of fibers, since each one follows higher frequencies when stimulated directly°.
It is likely then that the different properties of the intercalated transitional cells are the limiting f actors for propagation. The above mentioned findings suggest that the delays and blockages in propagation would be the resultant of a gradual slowing of propagating events taking place within a limited area, in which the so called "terminal Purkinje " and transitional cells are located.
Besides the electrophysiological characteristics of these cells it has been found that transitional cells have some distinctive features of their intercellular membrane junctions as compared with the typical Purkinje fibers"). Whether these features are related to the mechanisms involved in propagation is under study.
SUMMARY
On a papillary muscle and its corresponding false tendon from the dog heart, the transmembrane potentials of Purkinje and " transitional cells " were recorded.
The action potentials recorded along the surface of the false tendon had the shape, amplitude and rate of rise similar to those of the typical Purkinje fiber responses.
The RMP of cells from the false tendon have also approximately the same value than that of Purkinje cells (FIGS. 2 and 3). When the exploring microelectrode reached the " terminal Purkinje " fibers their membrane characteristics decreased slightly. The magnitude of these differences was even greater when recording from transitional cells located within the junctional region FIGs. 2f and 3f).
Variables of different nature were introduced in order to study the relationship between the rate of rise of action potentials from transitional cells and the propagation of impulses through the junctional region of Purkinje and myocardial cells. a) Progressive increase in the frequency of stimulation (FIGS. 4 and 5), b) diminution in external NaC1 (FIG. 6) , c) lack of calcium (FIG. 10), d) anoxia (FIG. 8), e) low temperatures (FIG. 7) . All these variables produced a decrease in the rate of rise and amplitude of the initial component of a transitional potential and consequently the propagation through the junctional region was delayed or blocked (FIG. 1) .
Simultaneous recording from two transitional cells revealed that conduction velocity is slower in the junctional region than in the false tendon. This fact suggest that transitional potentials having a slow rate of rise and small amplitude may cause the delays or the blockages in propagation occurring in the junctional regions.
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